Abstract-In certain forms of nerve injury and inflammation, noradrenaline augments pain via actions on up-regulated a 1 -adrenoceptors (a 1 -ARs). The aim of this study was to use immunohistochemistry to examine a 1 -AR expression on peripheral neurons, cutaneous blood vessels and keratinocytes after distal tibia fracture and cast immobilization, a model of complex regional pain syndrome type 1. We hypothesized that there would be increased a 1 -AR expression on neurons and keratinocytes in the injured limb in comparison to the contralateral unaffected limb after distal tibia fracture, in association with inflammatory changes and pain. a 1 -AR expression was increased on plantar keratinocytes, dermal blood vessels and peripheral nerve fibers at 16 weeks after injury both in the fractured and contralateral uninjured limb. Similar changes were seen in controls whose limb had been immobilized in a cast for 4 weeks but not fractured. Neurofilament 200 (NF200), a marker of myelinated neurons, and calcitonin gene-related peptide (CGRP), a neuropeptide involved in neuro-inflammatory signaling, decreased 4 weeks after fracture and casting but then increased at the 16-week time point. As some of these changes were also detected in the contralateral hind limb, they probably were triggered by a systemic response to fracture and casting. Soon after the cast was removed, intraplantar injections of the a 1 -AR antagonist prazosin released local vasoconstrictor tone but had no effect on pain behaviors. However, systemic injection of prazosin inhibited behavioral signs of pain, suggesting that fracture and/or casting triggered an up-regulation of a 1 -ARs in central nociceptive pathways that augmented pain. Together, these findings indicate that a 1 -AR expression increases in the hind limbs after distal tibia fracture and cast immobilisation. However, these peripheral increases do not contribute directly to residual pain. Ó 2014 Published by Elsevier Ltd. on behalf of IBRO.
a 1 -adrenoceptors (a 1 -ARs). The aim of this study was to use immunohistochemistry to examine a 1 -AR expression on peripheral neurons, cutaneous blood vessels and keratinocytes after distal tibia fracture and cast immobilization, a model of complex regional pain syndrome type 1. We hypothesized that there would be increased a 1 -AR expression on neurons and keratinocytes in the injured limb in comparison to the contralateral unaffected limb after distal tibia fracture, in association with inflammatory changes and pain. a 1 -AR expression was increased on plantar keratinocytes, dermal blood vessels and peripheral nerve fibers at 16 weeks after injury both in the fractured and contralateral uninjured limb. Similar changes were seen in controls whose limb had been immobilized in a cast for 4 weeks but not fractured. Neurofilament 200 (NF200), a marker of myelinated neurons, and calcitonin gene-related peptide (CGRP), a neuropeptide involved in neuro-inflammatory signaling, decreased 4 weeks after fracture and casting but then increased at the 16-week time point. As some of these changes were also detected in the contralateral hind limb, they probably were triggered by a systemic response to fracture and casting. Soon after the cast was removed, intraplantar injections of the a 1 -AR antagonist prazosin released local vasoconstrictor tone but had no effect on pain behaviors. However, systemic injection of prazosin inhibited behavioral signs of pain, suggesting that fracture and/or casting triggered an up-regulation of a 1 -ARs in central nociceptive pathways that augmented pain. Together, these findings indicate that a 1 -AR expression increases in the hind limbs after distal tibia fracture and cast immobilisation. However, these peripheral increases do not contribute directly to residual pain. Ó 2014 Published by Elsevier Ltd. on behalf of IBRO. as tumor necrosis factor-a (TNF), interleukin-1b (IL-1b), 28 IL-6 and nerve growth factor (Guo et al., 2004;  29 Sabsovich et al., 2008a,b; Li et al., 2009 Li et al., , 2010 Li et al., , 2012  30 Wei et al., 2009a,b) . Many of these neuro-inflammatory 31 changes after fracture are reduced in transgenic mice defi-32 cient in CGRP receptors or substance P, and are inhibited 33 by neurokinin-1 receptor blockade (Wei et al., 2009b; Guo 34 et al., 2012) . Thus, distal limb fracture appears to trigger a 35 neuro-inflammatory cascade that might contribute to the 36 development of CRPS. 37 We recently reported that noradrenaline, released 38 from sympathetic vasomotor neurons or produced 39 locally in the epidermis, may augment inflammation after 40 distal tibia fracture by activating keratinocytes or 41 vascular endothelial cells (Li et al., 2013) . In particular, (Hong and Abbott, 1996; Ali 54 et al., 1999; Nam et al., 2000; Hord et al., 2001; Xie 55 et al., 2001; Kim et al., 2005; Dogrul et al., 2006; Maruo 56 et al., 2006; Kopp et al., 2007; Meisner et al., 2007; 57 Trevisani et al., 2007; Gibbs et al., 2008; Dawson et al., 58 2011; Donello et al., 2011) . Notably, we recently reported 59 that a 1 -AR expression increased in dermal nerve bundles 60 4-28 days after partial sciatic nerve lesion (Drummond 61 et al., 2014b) , and on nociceptive nerve fibers and kerati-62 nocytes 7 days after chronic constriction injury of the sci-63 atic nerve (Drummond et al., 2014a) . This is consistent 64 with an aberrant involvement of these receptors in CRPS 65 (Drummond et al., 1996 (Drummond et al., , 2014b Finch et al., 2014) , neu-66 roma pain (Chabal et al., 1992; Lin et al., 2006), post-her-67 petic neuralgia (Choi and Rowbotham, 1997; Schmidt 68 et al., 2003) and other neuropathic pain conditions (Lee 69 et al., 2000) . Thus, the first aim of this study was to look 70 for signs of nerve injury and to examine a 1 -AR expression 71 on peripheral neurons, cutaneous blood vessels and kerat-72 inocytes after distal tibia fracture and cast immobilization. 73 We hypothesized that a 1 -ARs would be expressed more 74 strongly on neurons and keratinocytes in the injured than 75 contralateral limb, in association with signs of inflammation 76 and pain (Li et al., 2013 (Kingery et al., 2003; Guo et al., 2004 Guo et al., , 2006 to the paw skin, as previously described (Kingery et al., 155 2003; Guo et al., 2004 Guo et al., , 2006 . In addition, a laser sensor 156 technique was used to determine the dorsal-ventral thick-157 ness of the hind paw, as previously described (Kingery 158 et al., 2003; Guo et al., 2004 Guo et al., , 2006 . cast-only groups (p < 0.001) (Figs. 1A, B ). These (Fig. 1D) .
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Four weeks after fracture, intraperitoneal injection of 319 prazosin inhibited allodynia and unweighting in the 320 ipsilateral hind paw (Fig. 2) . In addition, temperature 321 increased in both hind paws after the prazosin injection; (Fig. 2) Fig. 2 . Effect of intraperitoneal injection of prazosin (2 mg/kg) on behavioral responses 4 weeks after distal tibia fracture (n = 7). At baseline, allodynia and unweighting were greater in the ipsilateral than contralateral hind paw; in addition, the ipsilateral hind paw was warmer and more swollen than the contralateral hind paw ( ⁄ p < 0.05). Allodynia and unweighting decreased after the prazosin injection (Time Â Side interactions, p < 0.05). In addition, increases in skin temperature were greater for the contralateral than ipsilateral hind paw (Time Â Side interaction, p < 0.05), thereby offsetting differences at baseline.
# represents a significant difference between levels at baseline and levels in the same hind paw 1 h after the prazosin injection (p < 0.05). Error bars represent standard errors.
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NSC 15719 No. of Pages 11 Fig. 3 . Effect of intraplantar injection of prazosin (20 lg in 25 ll saline) on allodynia (n = 7) and hind paw temperature (n = 4) 6 weeks after distal tibia fracture. Allodynia did not change after injections into the ipsilateral or contralateral hind paw. However, shortly after prazosin administration, increases in skin temperature on the injured side were greater after ipsilateral than contralateral injections (Side Injected Â Time Â Side Injured interaction, p < 0.01; ⁄ p < 0.05 for differences between the ipsilateral and contralateral sides). Error bars represent standard errors. (Sabsovich et al., 2008b) , the cytokine inhibitor 404 pentoxifylline (Wei et al., 2009b) , the IL-6 antagonist Fig. 5 . NF200 expression in sciatic nerves. The main effect for Group (p < 0.001) and the Group Â Side interaction (p < 0.01) were statistically significant, due primarily to a decrease in NF200 expression 4 weeks after fracture followed by an increase above baseline on the injured side at 16 weeks (p < 0.05, Newman-Keuls test). Error bars represent standard errors, and # represents a significant difference between sides. . a 1 -AR expression in blood vessels. The images illustrate a 1 -AR expression (green) in blood vessels in plantar skin identified by smooth muscle actin (SMA, blue) (Scale = 50 lm). The main effect for Group was statistically significant in plantar skin (p < 0.01). The ⁄ and^symbols above the bars (averaged across the ipsilateral and contralateral sides) denote significant differences between groups that do not share the same symbol (p < 0.05, Newman-Keuls test). Error bars represent standard errors. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 9 . a 1 -AR expression on individual nerve fiber populations. The nerve bundle shown is from 16 week cast (ipsilateral) plantar skin. Colocalization of a 1 -AR and CGRP or a 1 -AR and NF200 was identified using the colocalization plugin for ImageJ, and colocalized pixels are shown in white (Scale = 20 lm). Differences among groups are illustrated graphically for the tibial nerves. For a 1 -AR expression on CGRP + fibers, the main effect for Group was statistically significant for the tibial nerve (p < 0.05) and plantar dermal nerves (p < 0.05). For a 1 -AR expression on NF200 + fibers, the main effect for Group was statistically significant for the tibial (p < 0.01) and sciatic nerves (p < 0.05). The ⁄ ,^and @ symbols above the bars (averaged across the ipsilateral and contralateral sides) denote significant differences between groups that do not share the same symbol (p < 0.05, Newman-Keuls test). Error bars represent standard errors. pain (Holden et al., 1999; Brightwell and Taylor, 2009; 422 Jeong and Holden, 2009 (Wei et al., 2009a) .
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Neuropeptide signaling is actively involved in the neuro- growth factor (Wei et al., 2009b; Guo et al., 2012) .
After peripheral nerve injury, heightened expression of 482 a 1 -ARs on nociceptive afferents contributes to an 483 increase in neural excitability and pain (Ali et al., 1999;  484 Xie et al., 2001; Maruo et al., 2006 
